Component-based software development (CBSD) is becoming more and more important since it promotes reuse to higher levels of abstraction. As a consequence, many components are available being either open-source software (OSS) or commercial-off-theshelf (COTS). However, it is still unclear how the decision for acquiring OSS or COTS components is made in practice. This paper describes an empirical study on why project decisionmakers selected COTS instead of OSS components, or vice versa. The study was performed as an international survey in Norway, Italy and Germany. It focused on decision making on using offthe-shelf (OTS) components. We have gathered answers from 83 projects using only COTS components and 44 projects using only OSS components. Results of this study show significant differences and commonalities of integrating OSS or COTS components. Moreover, the study illustrates several research questions that warrant future research.
INTRODUCTION
Long-term success in commercial software development is becoming increasingly challenging. The software industry is increasingly turning to approaches which offer a larger return on software development effort. Component-based software development (CBSD) [19] is one of these approaches. Besides reusing in-house built components, software companies are using an increasing amount of COTS and OSS components. Although both COTS and OSS component claim to save development effort, they are different in their nature and appearance. COTS components are owned by commercial vendors with agreed specific support. The users of COTS component normally have no access to the source code. On the other hand, OSS components are provided by open source communities with freely accessible source code but promise no specific support [14] .
When planning a new software project, decision makers must decide whether they should buy a COTS component or acquire an OSS component, if it was decided to use OTS components. To make such a decision, it is important to investigate previous projects using such components. Unfortunately, the relevant decision-making processes are often intuitive, and if at all, only sparsely documented. Thus, further research is needed to examine the current state-of-the-practice and to define guidelines for OTSbased development. This paper investigates the state-of-the-practice in OTS-based development on use of COTS and OSS components, by means of an international representative survey in Norway, Italy and Germany. We have gathered answers from 83 projects using only COTS components and 44 projects using only OSS components. Results of this study illustrated who are using OTS components, why was it decided to use such components, and what were the problems. Results also illustrated the commonalities and differences in integrating COTS or OSS components.
The remainder of this paper is structured as follows: Section two presents related research. Section three introduces research design. Section four presents obtained results and discussion. A short summary and some future work are given in Section five.
RELATED WORK
COTS components promise faster time-to-market and increased productivity. At the same time, COTS software introduces many risks, such as the unknown quality of COTS components, or possible instability of the COTS vendor support [20] . Although Copyright is held by the author/owner(s). ICSE'06, May 20-28, 2006 , Shanghai, China. ACM 1-59593-085-X/06/0005. some research stated that OSS makes only sense for operating systems [5] , the use of OSS in industrial products is growing rapidly [11, 13, 16, 18] . OSS offer many advantages: it is usually freely available for public download. The collaborative, parallel efforts of globally distributed developers allow much OSS to be developed more quickly than conventional software. Many OSS products are recognized for high reliability, efficiency, and robustness [4] . Despite its wide appeal, OSS software faces several challenges and constraints: the documentation, testing, and field support may not be available [4] , and long-term support is not guaranteed [11] . The OSS license may restrict the user of changing and integrating the OSS components [18] . Previous studies have looked at using COTS and OSS components in software development [2, 13] . However, few studies have investigated a higher level question: Why do I use COTS instead of OSS components, or vice versa?
Some studies compared the differences between COTS and OSS products per se and concluded that there is still no empirical evidence that OSS fosters faster system growth and that OSS is more modular than closed source software [15] . However, there were few systematic empirical studies of the commonalities and differences in integrating COTS vs. OSS components in a software product. In order to guide the project decision maker in deciding between an OSS component and a COTS component, it is necessary to empirically investigate how the decision was made and what was the result of the decision in finished projects.
RESEARCH DESIGN
The empirical study on decision making OTS based development followed a three step approach. We started from a pre-study of state-of-the-practice and the challenges in integrating COTS components. The pre-study was performed by structured interviews of 16 COTS projects in 13 Norwegian IT companies selected by convenience [8] . The study reported in this paper represents the second step, and investigated decision making in OTS component-based development by a questionnaire-based survey. This study extended the pre-study in two dimensions. First, it included OSS. Second, the study included randomly selected IT companies from Norway, Italy and Germany. The third future step will focus on investigating the underlining reasons of the conclusions in the second step and more studies on OSS projects. It will be performed with structured interviews and case studies.
Research Questions
Based on the design of the study a couple of research questions were defined. First, we wanted to know the profiles of those using OTS components. Therefore, the first research question is:
• RQ1: What are the commonalities and differences in profiles of projects using COTS components vs. those using OSS components?
We then wanted to know their expectation of using OTS components. The second research question therefore is:
• RQ2: What are the commonalities and differences in the expectation of projects using COTS components vs. those using OSS components?
After we know who and why, we need to know the actual risks/problems of using such components. We investigated whether the motivation and expectation of using OTS components are proper or not. So, the third research question is:
• RQ3: What are the commonalities and differences in possible risks (problems) of projects using COTS components vs. those using OSS components?
Research Method
In this study, we used a questionnaire to collect data. The detailed information of the questionnaire and sample selection are reported in [3, 9, 10] 
RESULTS AND DISCUSSION
In [10] , we reported the preliminary results of this study with 71 projects using only COTS components and 39 projects using only OSS components. Now, the data collection is finished. In total, we gathered results from 83 projects using only COTS components, 44 projects using only OSS components, and six projects using both COTS and OSS components.
RQ1: What was the Profile of Projects Using OTS Components?
To answer RQ1, we investigated the commonalities and differences of some requirements of the actual system, such as time-to-market, effort (cost), reliability, security, performance, maintainability, new functionality (first launch in the market), and improved functionality (over competitors).
We compared each requirement in systems using COTS vs. systems using OSS components. The results show that there are no such significant differences. The most emphasized requirements of the final systems were time-to-market, reliability, and performance. Security was surprising listed as the least emphasized requirement of the system. There are many discussions on whether OSS components are more secure than COTS components. Raymond [17] argued that "given enough eyeballs, all bugs are shallow." Other argued that it is the quality, not the number, of the eyes looking at code that count [7] . Our results show that OTS component users are still very cautious of using either COTS or OSS components in the security-critical systems. So, software security aspect may not be distinguished between COTS and OSS components. However, trust in the security of third-party components may become an issue in the future.
RQ2: What were the Expectations of Using OTS Components?
To answer RQ2, we investigated the respondent's general expectations using OTS components, and specific expectations of using COTS and OSS components.
The general expectations of using OTS components are extracted from our pre-study [8] and literature reviews [4, 20] . Details of these expectations are shown in [10] . Results show again that there are no significant differences. The main expectation of using OTS components is to shorten the time-to-market and to save development cost. Pizka [16] reported experience on building the same system with three different strategies, such as wrapping an OSS component, adapting/changing the source code of the OSS component, or building the same component from scratch. Their results gave strong support on reusing OSS components and concluded that re-implementing existing OSS components should be avoided if there are no serious reasons for doing so.
The specific expectations of using COTS components listed in the questionnaire were shown in [10] . Results show that COTS users believe that paid software will give good reliability and will follow the market trend. They also believe that the COTS vendor will provide good technical support. We also listed specific expectations of using OSS components listed in the questionnaire. Results show that the main motivation of using OSS components is that code could be acquired for free and that the source code is available.
In summary, results show that business considerations, such as reducing time and cost, are the main motivation for using OTS components. OSS component users care more about the initial investment. Another attraction of OSS components is that the marginal cost of scaling up is zero, i.e. using OSS does not require additional licenses as the number of installations grows [18] . This benefit is especially important when integrating OSS components into a software product with many installation bases.
Concerning the use of domain-specific OTS components, it is important to ensure that the evolution of the selected OTS component will follow the market trend. Although a COTS user cannot directly influence the evolution of the selected COTS component, results of this study show that these users still trust that the COTS vendor will update the component according to market needs. OSS components can be changed out of similar market reasons, but can also be changed out of political or social reasons -not necessarily in a direction suitable to the organization [6] . It is therefore important for OSS users to ensure that they are planning to use the software in the way it was intended to be used and the way most other users are using it. If OSS users stray too far away from the beaten path, the OSS developers might not want to help them when they run into trouble, or OSS developers will not accept the changes contributed by them [11] .
RQ3: What were the Risks of Using OTS Components?
To answer RQ3, we formulated 15 possible problems (see Table 3 in [10] ) on OTS-based development, and asked the respondents if these problems had happened in their projects. Results showed that common problems both in projects using COTS and in those using OSS are: the effort to integrate OTS components was not satisfactorily estimated and it was difficult to identify whether the defects were inside or outside the OTS component.
The estimation of the component-integration effort in COTSbased development projects has been investigated by several studies [1] , whereby the estimation of integration effort in OSSbased development has been neglected so far. It is therefore interesting to know the commonalities and differences in cost models for COTS-based vs. OSS-based projects.
Without source code, it is difficult for COTS component users to identify whether the defects is inside or outside the component. Although the source code of OSS components is available to their users, many OSS users did not change or even read its source code. As Hissam and Weinstock proposed in [6] , OSS is the other commercial software, i.e. they were used as COTS in practice [9, 11] . OSS user might not have bothered to understand the source code of an OSS component before starting to use it. It is therefore difficult for them to figure out if the defects are inside an OSS component or not.
Results of RQ3 also show that COTS users had significantly more difficulties in estimating the component selection effort and following requirement changes. It is not easy or cost-effective for COTS users to switch to another COTS component once they have made the decision and paid for some selected components. Therefore, COTS users might be more cautious in selecting the right COTS component and spend more effort than estimated on selecting the best one. Without paying for the OSS components, OSS users might be less cautious and might spend less effort on selecting the best OSS component from several candidates. In addition, it might be easier for OSS users to change the source code of the OSS component if their customers' requirements do change. Therefore, OSS components are ideal when the software solution requires high customization [11] .
OSS users had more problems on getting the information on a providers' support reputation. Although the preliminary data [10] showed the differences between the OSS users and COTS users were significant, the current data (six months after the analysis of the preliminary data) does not show such significant differences any longer. This might be because more and more commercial organizations provide support to OSS components. In fact, OSS components with support by a commercial organization usually become more popular than components without such support [12] . In addition, more and more OSS portals, such as sourceforge.net and freshmeat.net, have started to measure the vitality and popularity of an OSS project. These metrics might have helped OSS users to estimate the quality and duration of support they can expect.
CONCLUSION AND FUTURE WORK
This paper has presented the results of an international empirical study to investigate the decision making of integration COTS or OSS components in software products. In general, it appears that the motivation for using either COTS or OSS components and the risks involved are important factors to be concerned. Future research has to pay specific attention to these facts before defining systematic guidelines and methods. Results of this study have answered the following three questions:
RQ1: Who were using OTS components?
Both COTS and OSS components are used in projects with different application domains and different non-functional requirements. There was no significant difference between the profiles of COTS-based and OSS-based projects.
RQ2: Why was it decided to use OTS components?
The main expectation of using either COTS or OSS components is to obtain shorter time-to-market and less development effort. COTS users have higher expectation on COTS component quality and COTS vendor support. Possible no-cost source code is the key motivation of OSS users. OSS users prefer to have access the source code, so that they can revise it when necessary.
RQ3: What are the possible problems of using OTS components?
It is more difficult for COTS component users to follow requirement changes than OSS users. It is also more difficult for COTS users to estimate the selection effort. The uncertainness of OSS users is higher than that of COTS users concerning the providers' support reputation.
Based on these results we identified several emerging research questions that should be investigated in the near future:
•
Understand the reasons behind the current results
This study is a state-of-the-practice survey that provides evidence of some phenomena in OTS-based development. These phenomena have to be studied in more detail to better understand the nature of OTS projects and to provide systematic support. Examples of interesting issues are: How is the support capability of an OSS project estimated, how is support for OSS components realized, and how to avoid the licensing restriction.
Understand the OSS projects per se
To provide guidelines on using OTS component in practice, it is important to understand how OSS projects are organized. Furthermore, it is important to know how to cooperate with OSS developers, for example, how to ensure that changes of users are accepted by the OSS community, and how to motivate developers to enhance and adapt OSS component into a desirable direction.
Another important issue is the definition of metrics to obtain reliable data about the concrete nature of OSS projects and products. For example, the organization support proved to give a positive effect on the popularity of a OSS component [12] . Future studies have to examine OSS projects in order to identify, define, and validate more such measures. A good candidate seems the question: whether the vitality and popularity of data provided by an OSS portal gives insight on the longevity of an OSS projects?
